Pa^c sent hy \ n7R724RR<;(V; 



U.P.THOMPS?ON 



in the mahhRT of 

European Patent Appliuaclon 

IMO 97460009.0 



BEOLAHATION 



I. rcter Johnaon, HA MlTJ , of Heacon House, Willow Walk 
woodley ParJc, fiV^lmarsdale, Lancaahi.e, WN8 h^.-eby' 
certify thab to the bftHL of my knowledge and hRlT^f the 
, following if, ^ true translation made by me, and Tor which 1 
accept responsibiliLy/ of European patent, application No 
97460UUy.O 



Signed thi^ 

day of 





1 ggg 



U.P.THOHPi^ON 



11 :ri 



The invention concerns an elecLriually modifiable multilfivel 
aun-volacile memory comprising autonomous refreeh means. The 
invention more particularly finds an application in ths field 
o£ memories wicn a large capacity, around EJcvcral tens of 
megatoiCB . 

There are ocvcral techniques £or increasing Che density nf 
memories. one of them consists of storing several informettion 
i>2.ts m tha same memory cell. This Is Chen referred to «s 
luulcilevel memories. Conventional memories store one 
information bit per memoxy cell, ciiat is co say two 
programming states. These states correopond to the presence 
or absence of electrical chaxsjes in the floacing gate of the 
transistors maJcing i,p the constituent memory cell. Multilevel 
memories, for their part, make ic possible co score a larger 
number of programming states per memory cell . 

The patent KF O .140 107 describes an electrically modifiable 
non- volatile multilevel memory, sach cell in the memory is 
capable of scoring possible programming states, with n equal 
to at leact three. These diCferenc programming Rrar.fts are 
Obtained by varying the conduction threshold of the floating 
gate translator making up Uie memory cell. xn order to obtain 
this variar.don i n conduction threnhold, the cell is programmed 
more or less strongly hy varying che incensicy ot the 
programming, th«t is to say either the voltage supplied to the 
cell or the duration of amplification ot the volhagp, For 
reading the information contained in the memory, a current ux' 
a voltage which is a funccion of r.he r.ftl I programming state ie 
compared with n-l main reference values in orde^ to derive 
therefrom the prograuuaing scace of the memory cell among.cst n 
possible states. 

ffnwever, the physical phenomena brought into play by the 
pxuyxatiuning of such memory r.Rll are not well controlled 
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industrially. As d result clie currents issuing from the 
rfifere.-nre cells amd the programmed cells are not known with 
great accuracy. Tliey depend on many factors, including hhP. 
reading voltage values applied to the cellc. The current 
issuing from a pioyrain cell depends on tlie intensSry ot the 
programming, that xb to cay on the quancicy of electrical 
charges iajeuued into its floating, gate. This (juantity of 
charges depends on the programming voltage and the duration of 
applicaLiuix ur this voltage, or even on the way in which it ' 
would be applied. There exicto therefore a very great scatter 
laeLween Uie current values of reterence cell.«? and cells 
programmed in a series of memories of the same manufacture. 

It also happens that uncontrolled movements of electrical 
charges taXt; place during operations ot programming or- erasing 
the methory. For example, during the programming of a memoi.y 
cell oC a multilevel memory of the FLASH EPROM r.ypP, a high 
voltage Vpp is applied to the word line connected to Uie 
uoxxLrol gate or the cell and a lower volr.agA Vp to the bit 
line connected to the drain of the cell. The sources of all 
the cells belonging to the samA .«;pntoT are connected to earth 
during programming. The cells connected to the same word liae 
are then subjecteci to an ft.l ftctri c field which may be 
responsible for a movement of electrical charges. 

In addition, the programming state of a programmed aieuiory cell 
degrades over time, that is no sfly thn fins ting gate of the 
memory cells hao a tendency to lose electrical charges over 
tlme^ me 3^^^^ lasts for around ten 

years. For high temperature conditions, this degradauiou ia 
accelerated still t-urther- 

Finally, a large number of writing cycles applied ro the cell 
can also impair the quality of the dlelecLxic alLuated between 
the tioatihg gate of the cell and the substrate. Thus a cell 
which has frequently been acted on itiay lose or qain eltiuLxicdl 
chargftR mrn-P easily than another cell. 
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All these variations are all the more of a problem since, in 
tnulcilevel memories, the voltage or ciirrenr. rangRs 
repareoonfcing the different programming states are stnallex 
because or tneir large number. 

Facea wicb all these possible variations? in r.h(=i programming 
scate of the coll, intermediate reference values are provided. 
These intermediate refRrpnne vaHues define safety ranges which 
make it pocciblc to predict any loss of a prog-i-araminy sLace. 
They are used for refrp.shing the memory cells. For this 
purpoce, the reading current of a cell is coRvpared with these 
incerraediace reference values and in f.liifi way it is determined 
whether the cell should undergo supplemenLary pxotji-araming . 

It ic therefore found that multilevel memories of the FIASH 
EPROM cype, although th«=»y are non-volatile, need to bo 
continually refreshed. 

Normally, the operation of refreshing uhe meiiiuiy or a. sector 
Of the memory is carried ont under the control of a control 
unit external to the memoary. Any accese to the memory during 
the refresh operation is? thftn impossib-le . 

in addition, the rpfrpsh operation is generally triggered 
following a writing operation (programming or erasing) ixi uhe 
memory in order to remedy any disturbances which this type of 
operation might cause. This x-eli-esh mode doew uyL take 
account of the phenomena of lose of alectrical charges over 
time, in particular foi. uieuiory cella which have frequently 
been anted on . 

Thfi aim of the invention is to remedy these drawbacks. 

The object of the. invention is an eleecrically modifiable non- 
volatile memory' unit havixiy a first maLriA of non-volatile 
memoiry cells able to store at least two information bite, the 
bald first matrix being divided into sectors, first means of 
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addressing and progratnming zhe said first matrix, tirah TPBd 
and write oircuite aocociatcd with the said first matrix, and 
a control circuit for controlling hhes wholp., r.ho. sand memory 
unit beinj characterised in that it also has refresh means 
under the control of r.hR r.onhroi circuit and a real-time clock 
delivering pulaes for periodically triggei-ing an operation oil 
refreshing the memory cells of r.hft sairt first 

Thus Che refresh operation in the Tnemary unit of the invention 
io performed autonomously and requires no external comiiidiia. 

In addition, the refresh operation is carried out perludioctlly 
in order to mitigar.« A-ny phenomenon of gain or loss of 
electrical charges at the floating gate of the memory cells. 

frcfcrably, the refresh operation takes place aeuLor by 
sector. 

According to a partimilar embodiment of the invention, the 
memory has a aecond matrix of static memory cells. Thts 
retresh operation is then performed in two steps; 

- a sr.ftp or rinp 11 eating, in the second matrix, information 
contained in a sector of the first uiaLrijt, and 

- a step of refreshing the gella ixi the aeuLur ol the first 
matnv nonr.aining this information. 

ThiJR thft information in the cells in the course of being 
refreshed is accessible in read mode from the aecoiid matrix 
without interfering with the progress of the refresh step. 

Otbfir nharar.tfiri sties and advantages of the inventioa will 
emerge rroui a readlny of the following detailed description 
which is given with reference to the accompanying drawings, in 
which: 
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- Figure 1 depicts an example embodiment of the memory 
according to the invention; 

- Figure 2 depicts a How diaqram oC cui operation of 
refreshing the memory unit according to the invention; and 

- Figure 3 depicts schematically a. current curve generated in 
itjud mode by a memory cell as a fiinction of its programming. 

Figure 1 illusLiuLea a preferred exan^ple oC an embodiment: ot 
the memory unit according to the invention. By way of non- 
IxHiiLaLive example, the multilevel memory is of Che FLASH 
EBPP,OM type. 

The memory unit has a matrix 1 of non-volatile memory cells 
able DO score several information bits. These memory cftlls 
are connected to a row decoder 3 and to a coiutnn decoder 4 
itseiE assocletLed with read and write circuits 5. 

In Llie oaae of a memory of the PLASH EEPkOm type, each cell 
consists of a floating gate transistor whose conduction 
threshold can be modified electrically by applying a suitable 
voltage to its electrodec Thuo, for thit; type of memory, a 
column programming voltage generator 6 is provided, .qupplying 
the drains by meanc of the read and write circuits S and 
supplying the sources by means of a source supply r.irr.M-it- s. 
A row supply circuit 7 is also provided, for applying the 
programming voltage to the gates. These supply means receive 
a potential Vpp delivered by a so-called high-voltage 
generator (not shown) . 

in practice, a flash EEPROM memory is divided inr.n sfter.or.*?, 
which occtora each have a matrix of memory cells provided with 
a row decoder and a column riecndAr, asaociatp.d rsad and write 
circuits and circuits supplying Che rows and columns. For 
rea.sons of iftgibility, only one sector hss hpRn rippicfed im 
Pigxire 1 . 
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'Ltie decoders i and 4 are nnnnftnt-.fid t-.n an artdrfiRS register 9 . 
The read and write circuits D are connected co am input data 
rsgishRr 10 and t-.n output data regieteir xi. all the 
circuits 3 to 0 are controlled by the control circuit 2 . 

The control circuit 2 comprises refresh n\ea.iis 2A and is 
designed to interpret fxtBrnsl control signals CD and incemal 
control signals CORK and COMP. Acuuidiucj Lo this 
interpretation, th«? control circuit supplies control eignalc 
CDa, CDd, CDx and RP. Accordiuq to &a advaiiLdyeous 
embodiment, P.h« -internal control signals pass over an. internal 
control bus . 

The control circuit 2 is d proqraTnmed unic, for example or the 
prngrammahl p. logic array (PLA) type, which controls all che 
circuits of the meuiury such as for example the supply circuits 
fi, 7 and R. The role of the control circuit 2 is principally 
to concrol che opeiaLions of reading, programming and erasing 
the memory cells. 

The tnemory unit eomnrunicatas with the outside by means of an 
interface cix-cuic (xiot sshown) desiqned co receive read and 
write commands associated with address information, to receive 
the data to be wrlLLen ana zo receive che read daca. 

The uuxiLiol circuit; 2 sends control signals CDa CDd and CDi 
intended respectively for the address registers, the data 
ieyitfUfeixfc; dud the ocher circuits In ziiQ memory unit. A 
refresh signal RF ic also provided for indicating that a 
refresh operacion Is currently being carried out. 

in. order co implemenc che invenciony clie diagram o£ clie memory 
unit is also supplamanted with a certain number of circuits. 
First of all, a reai-cime clock 14 is associated with the 
control circuit 2. Thio clock con be backed up, for example, 
t>y a llchium battery incegraced into the memory. 
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The real-cime clock 14 perioaicaiiy aeiivers cioclc pulses 
intended for che oontrol circuit 2. Each, pulec then triggers, 
at Che control circuit: 2, an operacion of reireshing hh*? 
memory cells of the matrix 1 . 

An addreco generator 2 associated with each sector of the 
raacrix 1 is also provided tor producing the adclrpssfies ADR of 
all the cells in the sector during the refresh operaciuii. 
THis generator is interposed hetWRen thes adrirAss -register 9 
and the line 3 and column 4 decoders. When it is not acted on 
for refreshing che sector which -is assncishFid with it, the 
address register 12 directly transmits to the column and row 
decoders the address AT) asssociated with an external command 
and, in thio caae, the address AD is equal to the addresis ADR, 

In addition, an address comparator 13 is provided fox 
comparing the external adrirftR.<ites an and the addresses ADR 
generated by the address generator 12 during the iefreah 
operations. This comparator mak-es it possible to determine 
whether the address associated with an external read or write 
command helongs? ho l-.he sector of the matrix l currently being 
refreshed. A comparison signal COMP representing the xeaulc 
of r.he; comparison i.s crstnsmitted to the control circuit 2. 

•JL"he control circuit 2 a Ipso receives a correction signal CORE 
sent by the read circuit and whose purpose is to Lxiyyex' a 
supplementary programming of the cell currently being 
refreshed or an erasure of the sector followed by 
rfaprogramml.Tig. The address generator 12 and comparator 13 are 
activated by the refresh siyiid-l RF. 

According to a preleixed eiiibodimeut, a Bec;oxid- KiaUriA 15 of 
static memnry cells ie provided, organised in rows and columns 
so that the data of the sector currently being refreshed axe 
accessible in read mode from the second matrix during the 
refresh step. StaLic uiemoiy cella are uaed aiiiue the Lime v£ 
a write cycle in the static cell ia very short compared with 
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LlidL or d dyiiduiic cell ar a redundant non- volatile cell. in 
addition, the rows of the second matrix are selected by means 
of a row decoder 16 whilst the columns are selected by a 
column decoder 17 associated with read and write circuits 18 . 

The refresh operation aeBociated with this type of ctructurc 
takes place in nwo steps: a step of duplicating, in the second 
matrix, the data of a CQCtor of the firct matrix, and a step 
ojC refreahiiiq the cells of the duplicated sectar of the first 
matrix. 

The step of refreehing a occtor taJtca place cell by cell . The 
correction signal L'ORR issuing trom the read circuit 
aseociated with the read cell ia designed to indicate to the 
control circuit 2 whether the cell needs to be corrected. The 
correction conciotc either of a supplementary programming of 
Che cell, or of an erasure and then reprogramming of the 
sector acoociatcd with the cell . 

The decoders of 3^ow^5 is and columns 17 receive an address 
supplied by a conversion circuit 19. The purpose ofthp. 
convcrcion circuit is to transform the address ADR into an 
address adapted to the manrJx is. This -is hficmisfi r.he si 7.1? 0I- 
thc matrix 15 is equal to the size of a sector of the ma.trix 
11. The new address issuing from the conversion circulr. 
therefore has no sector indication. Fox- example, the 
conversion circuit eliminstfis thft blh.«? of r.he address ADR 
indicating a matrix sector^ in general the most significant 
bits. 

Tne read and write circuits 18 are connected with an input 
data register 20 and an output data register 21. The input 
data register 20 is r.ontiftr.tp.d with the output data register 11 
for duplicating data of the sector to be refreshed. In 
additioTi, a multiplexer 20 receives the data comiTig ■From the 
two output registers 11 and 21, and selects the data to be 
supplied at the output of che memory. The output of an AND 
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gate 23 is connected to the selecLiou iiiyuU v£ the multiplexer 
7.n . ThP. signal s pomp and RP are applied to the inputs of the 
AND gate 23. Tlius Lhe data aelivered by the memory unit 
following an external read cotnm&nd come from the matrix of 
static cells ii: Uie aector concerned is ctie seccor currently 
being- refreshed . 

Apart from the refresh operations!, the operations of reading 
and wiiLlng lii the matrix 1 are performed in the same way as 
for a conventional non-volatile memory under the control of 
Lliti conLiOl circuit 2 . 

s-iyuiti 2 depicts a flow diagram of a retresJti operation adapted 
to the memory unit of Figure 1. Following a clock signal 
delivered by the real- time clock X4, the control circuit 2 
triggers a refresh operation. A firet sector of the matrix 1 
lb selected. In a tirst step, the data ot the selectf%d .e?f=ctor 
are duplicated in the second matrix 15. The circuits to which 
the current refresh operation does not relate are ancPSKibl e 
in read and write mode using external commands. 

The duplication step ic followed by a refresh gtep in which 
Lhe cells of the selected sector are read one arter thp other. 
To do thiB, the addrcaa generator 12 of the sector currently 
being refreshed supplies addresses to the row decoder and tn 
the column decoder 4 . In order to determine the programming 
State of the cell read, the current is.suing from the rell 
subjected to the read voltage is compared with principal 
reference levels. Thii? r.urrent is also compared with 
intermediate reference levels in order to determine whether 
the read cell f?honld xmdergo supplementary programming or be 
erased and then reprogrammed . 

Figure 3 depicts schematically a current curve generated in 
read mode by a memory r.pl 1 as a function of its programming. 
This figure illustrates the case of a memory unit whex-e the 
cells a-re capable of storing four programming states, that is 
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to say two information blLy. Hie priucipeil reference values 
TPi, TR?. and iRS are current levels for defining four 
prograauixiiig sUdLets. The state 11 corresponds to a cell which, 
in read mode, generates a current higher than the level IRl . 
The state 10 correspouaa Lo the cell whicn. in read mode, 
generates a current lying between the level IRl and the level 
IR2. The state 01 corresponds to a cell which, in read mode, 
generates a current lying between the level IR2 and the level 
IR3. Finally, the state 00 corresponds to a cell which, in 
read mode, generates a current lower than the level II13. 

Intermediate reference levels arc also defined by current 
lev«lH IROB, IRIA, IRIB, 1H2A, and IR3A. 

lliese intermedidLe reference levels define safety ranges. Tn 
this type of memory, it ia considered that a cell which is to 
be proyrdiittued to the n"* state fthe state ii is the first 
state) must not only supply a current lying between IRn-l and 
iRu but more precisely supply a current lying between TRn-ia 
and IRn-lB. if the cell reading current is in between IRn-l 
and IRn-lA, it Is considerfed that the cell xs insnffiriently 
programmed and the cell must undergo supplementary 
programming. Conversely, if nhe cell rftaning cxirrent is 
between IRn-lB and iRn, the cell muat be erased. The erasure 
tciking place in a global fashion in a memoiry of the FLASH 
type, Che entire occtor containing the cell is to be erased/ 
the sector will chen be reprogrammed . 

If reference is made once again to Pigurft 2, each ce.Tl in the 
matrix io thuo read so aa to determine whether it requires to 
undergo reprogrammi ng tor erasure followed by reprogramming. 
These reprogramming or erasure coniiiiands are transmitted Lo the 
control circuit 2 by meana of thp. r.orrftction .ejignal nORR . 

Where the cell is i nf?nf f i ci ently prograTnmed , it undergoes 
supplementary programming, for example in the form of a 
voltage pu3.se applied to the gate of the memory cell. The 
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following cell is next passed to. 

Where the cell requires erasure, th& sector associdbed with 
hhp. r.fil 1 i.q Rrased a-nd is reprogratnmed entirely. The 
following sector ie next passed to directly. 

All the cells in the matrix 1 are Uhus checked. At the end of 
each elementary refresh step, the addraes generator ie 
incremented . 

In addition, an autonoiuuus supply device (not shown) Is 
provided for sxipplying the memory vmit so that the refresh 
operation is pej:rox,nied normally when Che device including the 
memory unit is not powered. It could be envieagod activating 
the autonomous supply device at each pulse of the clock 14 tor 
a certain period in the abeence of a supply provided by the 
system. 

As seen previoualy, the data of the roacrlx l remain accessible 
in read mode during the refresh operation. Thie i£3 bccauac, 
ic IL is dddpLed to read a data item belonging to a sector 
different from the sector currently being refreohod, the 
i-eading takes place xii a conventional fashion without 
interirupting che refresh operation. On the other hand, if it 
is dtLeuipLed to read a data item stored in a sector currently 
being refreshed, there arc two possible cases. If the 
duplication of che sector of the matrix i has ended, the 
corresponding data item in the matrix 1 ie read, otherwise the 
duplication is interrupted and the data item is read in the 
matrik l . 

Moreover, any writing operation (programming or erasure) 
triggered by an external command on a sector of the matrix 1 
may modify the operation of refreshing the matrix. If the 
address associated with the write command points to a sector 
of the matrix 1 currently being refreshed, the refresh 
operation is inr.Rr-mpted in order to allow the writing 
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operation to take piacfi. ThR rftfrftsh npftration r.Tifin resutnes 
at the following sector. 

It can be envisaged inserting the refresli means of the 
invention in conventional mQmoa7ies. 

Otherwise, if the write operation concerns a sector other than 
the one currenLly beiii^ refreshed, it takes place in. a 
conventional fashion without interrupting the refresh 
operacion. 

According to a prefei'i-ed embodlmexit, Che refresh operation 
takes place every hour. 
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13 
ClAIMS 

1. Rlertrical.ly mot^ -i f i ahl e non-vnl shi 1 « mRmn7-y tinit having a 
first matriK (1) of non-volatile tneitiory cells able to store at 
le;9st two inl-armation bits, th.© said first tnacrix being 
di-vided into sectors, firsc means of addressing (3, 4) dxid 
programming (K, 7, fi) thr? said first matri-sf, firsc read and 
write circuits (5) associaued wiLla Llie said £irsl, uidLxiJc (1) , 
and a control r.ircxiit (2) for controlling the assembly, the 
said memory unit being characterised in that ic also liciB 
refresh means (2A) under the control of the control circuit 

(2) and a real-time clock. (14) delivering puisea loi' 
peri orii caTly triggering an operation of refreshing the memory 
cells of the said first niaLrljL (l) . 

2. Memory unit accoxdiay to Claim 1, yharacLerissed in chat 
r.hfl npp.rar.inn of refreshing tha first matriac (1) is performed 
sector by seccox- . 

3 . Memory unit according to one o£ Claims 1 or 2 , 
characterised in that it has a second matrix (15) of static 
memory cells, secjo^tid means of addressing (16, 17) the said 
second matrix (15) , the refresh operation being performed in 
two steps: a step uZ duplicating, in the second matrix (15), 
information contained in the first matrix (1) , and a step of 
xefreshinw the memory cells of the first matrix (l) containing 
this set of information, so that, during the refresh step, the 
infoi-mation in Llie cells in the course of being refreshed is 
accessible in read mode from the cecond matrix (IS) . 

4. Memory unit according to one of Claims 2 or 3, 
characterised in that the capacity of Che second matrix (15) 
is equal to the capacity of a sector of the first matrix (1) . 

5. Memory unit according to any one of Claimo 1 to 4, 
characterised in chat a refresh operation is criggfiretl flvory 
hour . 
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